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PROBLEM TO BE SOLVED: To Improve a semiconductor 
device in quality, by a method wherein an isola tor which 
is excellent In reproducibility, uniform In thickness, 
and capable of preventing bird "beaks from being formed 
in a LOCOS method Is formed by keeping the surface 
nearly flat, and stress and diffusion of a nitrogen 
component which occur when the Isolator Is formed are 
markedly restrained. 

SOLUTION: An opening 23 Is provided to a mask layer 
composed of a thin oxide film 21 and a silicon oxide 
film 22 formed on a semiconductor substrate 20 by 
selective etching, a part of the substrate 20 where an 
Inter-element Isolator Is required to be formed Is 
exposed through the opening 23. Oxygen Ions are 
obGquely . . implanted in the e xposed ' surface " of the 
substrate 20 In the opening 23 to form an lorH mplanted 
region 24 which reaches below the edge of the mask 
layer. Furthermore, a field oxide film serving as an 
inter-element isolator is formed on the exposed part of 
the semiconductor substrate 20 through a thermal 
oxidation growth method. Furthermore, the mask layer is 
removed, and thus the formation of an Inter-element 



CB) 



^22 



24 



-24 
.2D 



-1- 



1/1 v? 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**#* shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the semiconductor device using the selective oxidation method which is characterized by providing the 
following and which is used for separation of a semiconductor device The process which forms a mask layer on the front face of a semi- 
conductor substrate The process which etches said mask layer alternatively and forms opening in said mask layer The process in which oxygen 
ion is aslant driven into the semi-conductor substrate of said method of an opening subordinate, and the range forms the ion-implantation field of 
said mask layer edge attained caudad The process which forms field oxide in the semi-conductor substrate exposed through said opening using a 
thermal oxidation grown method 

[Claim 2] Said mask layer is the manufacture approach of the semiconductor device according to claim 1 characterized by having an oxide film 
and a silicon nitride at least 

[Claim 3] The manufacture approach of the semiconductor device according to claim 2 characterized by the thickness of said oxide film being 
50A - 200A. 

[Claim 4] The manufacture approach of the semiconductor device according to claim 2 or 3 characterized by the thickness of said silicon nitride 
being 500A - 2000A. 

[Claim 5] Said mask layer is the manufacture approach of the semiconductor device according to claim 2 to 4 which has the polish recon film 
further and is characterized by the thickness of said polish recon film being 200A - 1000A. 

[Claim 6] The process which pours in said oxygen ion is the manufacture approach of the semiconductor device according to claim 1 to 5 which 
the impregnation energy is 50~150KeV, and is characterized by carrying out the injection rate by 1x1015 - 1x1017 atoms/cm2. 
[Claim 7] Said thermal oxidation grown method is the manufacture approach of the semiconductor device according to claim 1 to 6 characterized 
by carrying out at the temperature of 800-1 100 degrees C. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to manufacture of a semiconductor integrated circuit especially the manufacture approach of the 

semiconductor device using the component separation method in a semiconductor device. 

[0002] 

[Description of the Prior Art] In recent years, the increment of the number of the semiconductor devices carried in one wafer is being enhanced 
with development of a semiconductor integrated circuit manufacturing technology. The semiconductor device itself is continuing detailedHzation 
as such high integration progresses, and the wiring width of face used with a production line is already contained in the field of submicron order. 
However, in this way, however detailed a semiconductor device may be, if between the semiconductor devices on a wafer is not separated 
moderately, a good semiconductor device cannot be manufactured. This technique being called component separation technology (Device 
Isolation Technology) generally, and forming a separation object between semiconductor devices first, then maintaining the isolation effectiveness 
by that separation object, area of a separation object is made as small as possible, and opening is made and it sets it as the main purposes to 
carry as many semiconductor devices as possible. 

[0003] The selective oxidation method (the LOCOS method is told to below) is widely used as separation technology of current and a 
semiconductor device. That reason is that between semiconductor devices is effectively separable by forming the insulating layer which consists 
of a thick oxide film by this LOCOS method between semiconductor devices, as the example — drawing of longitudinal section of drawing 4 (A) 
and drawing 4 (B) — using — LOCOS — the separation process of the general semiconductor device by law is explained below at a detail. 
[0004] First, the oxide film 11 thin as a mask layer and the silicon nitride 12 are formed in order, for example on the semi-conductor substrates 
10, such as a silicon wafer. Then, as shown in drawing 4 (A), by performing optical exposure and etching processing, the silicon nitride 12 and the 
thin oxide film 1 1 carry out patterning by forming opening 13 in these oxide films 1 1 and silicon nitrides 12, and the part of the semi-conductor 
substrate 10 to form an isolation object in is exposed from opening 13. 

[0005] Then, as shown in drawin g 4 (B), a thermal oxidation grown method is enforced. For example, by putting in the substrate equipment with 
which the mask layer (silicon nitride 12+ oxide film 1 1) as shown in drawin g 4 (A) was formed in an elevated-temperature furnace, setting the 
internal temperature as 800 degrees C - 1100 degrees C, and passing the gas which contained oxygen in the elevated-temperature furnace, 
oxidation reaction is urged to the silicon wafer exposed through opening 13, and thick field oxide 14 is formed. The active field of a semiconductor 
device is formed between the parts in which field oxide 14 was formed. At the time of formation of this field oxide 14, since that oxidation rate of 
the silicon nitride 12 is far smaller than the silicon wafer of the semi-conductor substrate 10, the role of a mask has been played, and field oxide 
14 will be formed in the part (part of the semi-conductor substrate 10 exposed through opening 13) of the semi-conductor substrate 10 which is 
not covered by the silicon nitride 12 for this reason. The mask layer which finally consists of a silicon nitride 12 and a thin oxide film 1 1 is 
removed, and isolation is completed by field oxide 14. 
[0006] 

[Problem(s) to be Solved by the Invention] the conventional LOCOS explained above — law is easy a production process, and since it moreover 
excels in the separation effectiveness of a semiconductor device, generally it is adopted widely. 

[0007] however if it becomes the process which detailed-ization of a semiconductor device progresses and treats the magnitude of submicron 

order — the above-mentioned conventional LOCOS — many faults arise in law. 

[0008] First as the 1st fault in case the above field oxide 14 is formed, the range where oxidation reaction occurs for the diffusion of oxygen is 
expanded to both longitudinal directions like drawin g 4 (B) from opening 13. For this reason, field oxide 14 is formed also in the method side of an 
edge subordinate of the silicon nitride 12 and the thin oxide film 11, and, as for field oxide 14, structure like the beak of a bird is formed in that 
edge. This is called BAZU beak (Bird's beak). 

[0009] Moreover, the component containing the nitrogen which is in the part which is committed and compressive stress commits on the front 
face of the silicon nitride 1 2 owing to the pressure from a BAZU beak at the time of this BAZU beak formation as the 2nd fault will be spread 
even into the part which pull strength commits on the interface of the thin, oxide film 1 1 just below and the silicon wafer of the semi-conductor 
substrate 10, and will form the silicon nitride 15 through an operation with silicon. Since this silicon nitride 15 acts as a mask in case this grows 
up the gate oxide of a semiconductor device behind, the gate oxide of that location will become thin. If this silicon oxide 1 5 is observed with an 
optical microscope, since it is presenting band-like [ white ] at the edge of the active field of a semiconductor device, it is called the White ribbon 
(White ribbon). This White ribbon effectiveness influences the quality of a semiconductor device. 

[0010] Furthermore, since the volume will increase by about 2.2 times if silicon oxidizes and it becomes diacid-ized silicon as the 3rd fault at the 
time of formation of field oxide 14, field oxide 14 projects from the front-face side of the silicon wafer of the semi-conductor substrate 10, and 
forms a non-invagination front face (non-recessed surface). This is contrary to the conditions of flattening. 

[001 1] Furthermore, since the volume of silicon is expanded also to a longitudinal direction as the 4th fault in case field oxide 14 is formed, big 
stress works also to the active field of a semiconductor device, and many lattice defects arise near a BAZU beak. If it becomes like this, the 
leakage of the current in the interface will increase, and the dependability of a semiconductor device will fall. 

[0012] Furthermore, as the 5th fault the thickness of the field oxide 14 formed becomes thin, so that opening of opening 13 is narrow when 
processing by the thermal oxidation grown method is carried out between coincidence since the inflow rate to the silicon wafer of the gas which 
contained oxygen in the thermal oxidation grown method changes with magnitude of opening 1 3. The point of not excelling in such repeatability is 
also one of the ****** faults about effect at the isolation effectiveness. 

[0013] then, the 1- the conventional LOCOS which was mentioned to the 5th — many separation methods of a semiconductor device are 
developed and proposed in order to improve the fault of law. For example, the component separation method by Horing and others which 
performs two steps of oxidation treatments using two or more mask technique is indicated by U.S. Pat. No. 4,211,582. moreover, LOCOS similarly 
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according to Ravaglia and others in U.S. Pat, No. 4,868,136 — the component separation method which combined law and a ****** technique is 
' indicated. However, the fault without the front face flat even if it uses these amelioration component separation methods [ like ] which is not 
excellent in repeatability with a low production rate and where a production process is complicated is still unsolved. 

[0014] By this invention's solving the above-mentioned conventional problem, and adding amelioration to the isolation process in a semiconductor 
device the conventional LOCOS — even if prevent formation of the BAZU beak which is the fault of law, it excels also in repeatability, thickness 
forms an equal separation object and this separation object is formed in coincidence — abbreviation, maintaining a flat front face Diffusion of the 
stress generated when forming a separation object, or a nitrogen component can be controlled sharply, and it aims at offering the manufacture 
approach of the semiconductor device which can raise the quality of a semiconductor device. 
[0015] 

[Means for Solving the Problem] In the manufacture approach of the semiconductor device using law LOCOS by which the manufacture approach 
of the semiconductor device of this invention is used for separation of a semiconductor device — Oxygen ion is aslant driven into the process 
which forms a mask layer on the front face of a semi-conductor substrate, the process which etches a mask layer alternatively and forms 
opening in a mask layer, and the semi-conductor substrate of the method of an opening subordinate. The range is characterized by having the 
process which forms the ion-implantation field of said mask layer edge attained caudad, and the process which forms field oxide in the semi- 
conductor substrate exposed through opening using a thermal oxidation grown method. 

[0016] He drives oxygen ion into a semi-conductor substrate aslant, and is trying to distribute oxygen ion also down the mask layer edge in the 
impregnation process of oxygen ion by this configuration. Then, a separation object is formed in the impregnation field of oxygen ion by the 
LOCOS method. In order that the oxygen ion of the mask layer edge lower part part driven in on the preceding paragraph story may act each 
other with the silicon of a semi-conductor substrate at this time, the thickness of a separation object becomes equal and formation of a BAZU 
beak like before is prevented because the rate of reaction of this mask layer edge lower part part also increases. By formation prevention of this 
BAZU beak, diffusion of the stress generated at the time of BAZU beak formation or a nitrogen component can control sharply, and becomes 
possible [ the thing of a semiconductor device to do for upgrading ]. moreover, since oxygen ion is poured in beforehand, oxidation reaction time 
is shortened, and it is alike deeper, field oxide is formed, and it becomes possible to raise more the display flatness of a semi-conductor 
substrate front face. Since it succeeds in the oxygen ion implantation beforehand, it is possible to gather the oxidation rate at the time of 
enforcing a thermal oxidation grown method, and the degree from which the thickness of field oxide changes by change of some of magnitude of 
opening of opening 23 is controlled, it excels also in repeatability, and the thickness of a separation object becomes equal. Thus, many faults of 
the conventional LOCOS method may be improved. 

[0017] Moreover, the mask layer in the manufacture approach of the semiconductor device of this invention has the oxide film and the silicon 
nitride at least In this case, as for this mask layer, it is desirable that it is the three-tiered structure of an oxide film, the two-layer structure of a 
silicon nitride or a thin oxide film, the polish recon film, and a silicon nitride. Thus, the stress which prepares the polish recon film between a thin 
oxide film and a silicon nitride, and is committed in a three-tiered structure, then a separation object may be eased more effectively. 
[0018] Furthermore, in the manufacture approach of the semiconductor device of this invention, the thickness of a thin oxide film is 50A - 200A, 
the thickness of a silicon nitride is 500A - 2000A, and, as for the thickness of the polish recon film, it is desirable that it is 200A - 1000A. 
[0019] Furthermore, in the manufacture approach of the semiconductor device of this invention, the impregnation energy is 50-150KeV, and, as 
for the process which pours in oxygen ion, it is desirable that the injection rate is set as 1x1015 - 1x1017 atoms/cm2. Moreover, as for the 
operation temperature of a thermal oxidation grown method, in the manufacture approach of the semiconductor device of this invention, it is 
desirable to be set as 800-1100 degrees C. 
[0020] 

[Embodiment of the Invention] Hereafter, the operation gestalt of the manufacture approach of the semiconductor device concerning this 
invention is explained to a detail with reference to a drawing. 

[0021] Drawin g 1 (A), drawin g 1 (B), drawin g 2 (A), and drawin g 2 (B) show the outline configuration of each production process of the 
semiconductor device in 1 operation gestalt of this invention, and drawing of longitudinal section [ in / in drawin g 1 (A) / the formation process of 
a mask layer ], drawing of longitudinal section which can set drawin g 1 (B) like oxygen ion grouting, drawing of longitudinal section [ in / in drawin g 
2 (A) / the formation process of field oxide ], and drawing 2 (B) are drawings of longitudinal section in the removal process of a mask layer. 
[0022] As shown in drawing 1 (A), the mask layer of the two-layer structure of the thin oxide film (pad oxide layer) 21 and the silicon nitride 22 is 
formed on the semi-conductor substrate 20. Then, opening 23 is formed in a mask layer so that this mask layer may be etched alternatively and a 
mask layer may serve as a predetermined pattern. 

[0023] For example, the thin oxide film 21 whose thickness is 50-200A is formed on the front face of the silicon wafer of this semi-conductor 
substrate 20 using a chemistry steamy method (CVD method) or a thermal oxidation grown method, and the silicon nitride 22 whose thickness is 
500-2000A is made to deposit on the front face of that thin oxide film 21 further using a CVD method. Then, by performing optical exposure and 
etching processing, opening 23 is formed in these thin oxide films 21 and silicon nitrides 22, and the silicon nitride 22 and the thin oxide film 21 
are patternized. Thus, the semi-conductor substrate 20 of a part to form the below-mentioned field oxide 25 as a separation object between 
semiconductor devices in is exposed through opening 23. 

[0024] Next as shown in drawing 1 (B), oxygen ion (O+) is aslant driven in through the opening 23 of the semi-conductor substrate 20, and the 
oxygen ion-implantation field 24 is formed. As for the impregnation energy and the injection rate of oxygen ion, at this time, it is desirable to 
adjust so that the need of each production process may be balanced. For example, with this operation gestalt the impregnation energy of oxygen 
ion is 50~150KeV, and the injection rate is set as 1x1015 - 1x1017 atom/cm2. Moreover, since oxygen ion is aslant poured in at this time, from 
the part which the silicon wafer exposed through opening 23, that range was expanded even to both the longitudinal directions in drawin g 1 (B), 
and has arrived at the lower part location of a mask layer edge, for example. 

[0025] Then, as shown in drawin g 2 (A), field oxide 25 is formed in the silicon wafer exposed through opening 23 using a thermal oxidation grown 
method. For example, while putting the substrate equipment which finished like oxygen ion grouting as shown in drawin g 1 (B) into an elevated- 
temperature furnace and setting temperature as 800 degrees C - 1 100 degrees C By passing the gas containing oxygen in this elevated- 
temperature furnace, oxidation reaction of the silicon wafer exposed through opening 23 is urged, thick field oxide 25 is formed in that exposed 
semi-conductor substrate 20 of a part and the range of the active field of a semiconductor device is set up. Since the oxygen ion driven into the 
semi-conductor substrate 20 through the opening 23 besides the gas which contained the oxygen which flows by diffusion in formation of field 
oxide 25 at this time also participates in oxidation reaction, the whole oxidation rate can be gathered. In this way, the thickness of the field oxide 
25 formed becomes equal in the direction of a flat surface of the semi-conductor substrate 20. therefore, the field oxide 25 formed in the edge of 
a mask layer lower part — the part of middle, and the large another place — since it becomes the same thickness, a BAZU beak like 
conventional drawin g 4 (B) is not formed. 

[0026] Finally the silicon nitride 22 of the two-layer structure which is a mask layer, and the thin oxide film 21 can be removed in order, and it 
can leave only the field oxide 25 by which abbreviation flattening was carried out For example, if the solution which removed the silicon nitride 22 
first and contained the hydrofluoric acid continuously with the heated phosphoric acid solution removes the thin oxide film 21, formation of the 
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separation object between the semiconductor devices which consisted of field oxide 25 as shown in drawin g 2 (B) will be completed. 
" [0027] Therefore, as compared with a Prior art, there are many advantages in the formation process of the components separation object by this 
invention as follows. Since oxygen ion is injected into the semi-conductor substrate 20 of a part (part of the silicon wafer exposed through 
opening 23) to form a components separation object in as the 1 st advantage of this invention and the oxygen ion-implantation field 24 is formed, 
the oxidation rate at the time of enforcing a thermal oxidation grown method can be gathered. And since oxygen ion is driven in aslant, the edge 
of the oxygen ion-implantation field 24 arrives at the lower part location of a mask layer, and the thickness of the components separation object 
therefore formed becomes equal in the direction of a substrate flat surface, and can prevent formation of the conventional BAZU beak. By 
formation prevention of this BAZU beak, diffusion of the stress generated at the time of BAZU beak formation or a nitrogen component can 
control sharply, and upgrading of a semiconductor device can be planned. 

[0028] moreover, since oxygen ion is beforehand injected into the exposed part through the opening 23 of the semi-conductor substrate 20 as 
the 2nd advantage of this invention, the time amount of oxidation reaction can be shortened, and the semi-conductor substrate 20 can be alike 
deeper, and field oxide 15 can be formed. Therefore, the display flatness of semi-conductor substrate 20 front face can be raised more, and it is 
advantageous to application of a multilayering process. 

[0029] Furthermore, since the oxygen ion-implantation field 24 is formed beforehand and the oxidation rate at the time of enforcing a thermal 
oxidation grown method can be gathered as the 3rd advantage of this invention, the degree from which the thickness of field oxide 25 changes by 
change of some of magnitude of opening of opening 23 can be controlled, it excels also in repeatability, and the thickness of a separation object 
becomes equal. 

[0030] Furthermore, the amelioration component separation method in this invention can suit completely with the present component separation 
method as the 4th advantage of this invention, and the various above-mentioned faults of a well-known technique can be improved only by adding 
the process which drives in oxygen ion aslant. Therefore, each formation process of a components separation object is not complicated, but the 
steep increment in a manufacturing cost is also avoided uninfluential in productive efficiency. 

[0031] In addition, although the above explained this invention by the radical of relation with a desirable operation gestalt, the contents of this 
operation gestalt are not the things of those meanings limited to seeing about the range of this invention. This operation gestalt is chosen in 
order to explain radical Motohara ** and the example of this invention by the optimal approach, and if it is those who had full knowledge on the 
technique concerned, it can add modification and embellishment in the range which does not escape from the pneuma and the field of this 
invention. Therefore, the protection range of this invention is based on a claim. 

[0032] Moreover, with this operation gestalt, as shown in drawin g 1 (A), the mask layer was made into the two-layer structure of the thin oxide 
film 21 and the silicon nitride 22, but a mask layer can also be made into the three-tiered structure of the thin oxide film 21, the polish recon film 
26, and the silicon nitride 22 as shown in drawing 3 . Thus, when the polish recon film 26 with a thickness of about 200-1 000A was formed 
between the silicon nitride 22 of a mask layer, and the thin oxide film 21 and field oxide 25 is formed at a subsequent process, the stress 
committed in the isolation object which constitutes the field oxide 25 can be eased more effectively. 
[0033] 

[Effect of the Invention] after driving oxygen ion into a semi-conductor substrate aslant in the impregnation process of oxygen ion as mentioned 
above according to this invention — LOCOS — since a separation object is formed in the impregnation field of oxygen ion by law, the thickness 
of a separation object becomes equal and formation of a BAZU beak like before can be prevented because the rate of reaction of a mask layer 
edge lower part part also increases. 

[0034] Moreover, by formation prevention of this BAZU beak, conventionally, diffusion of the stress generated at the time of BAZU beak 
formation or a nitrogen component can be controlled sharply, and the quality of a semiconductor device can be raised. 

[0035] furthermore, in this way, since oxygen ion is poured in beforehand, the display flatness of a semi-conductor substrate front face can be 
raised more by oxidation reaction time being shortened, and it being alike deeper, and field oxide being formed. Moreover, since oxygen ion is 
■poured in beforehand, the oxidation rate at the time of enforcing a thermal oxidation grown method can be gathered, the degree from which the 
thickness of field oxide changes by change of some of magnitude of opening of opening can be controlled, it excels in repeatability, and thickness 
of a separation object can be equalized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] The outline configuration of each production process of the semiconductor device in 1 operation gestalt of this invention is shown, 
and drawing of longitudinal section [ in / in (A) / the formation process of a mask layer ] and (B) are drawings of longitudinal section which can 
be set like oxygen ion grouting. 

[ Drawin g 2] The outline configuration of each production process of the semiconductor device in 1 operation gestalt of this invention is shown, 
and drawing of longitudinal section [ in / in (A) / the formation process of field oxide ] and (B) are drawings of longitudinal section in the removal 
process of a mask layer. 

[Drawing 3] It is drawing of longitudinal section showing the outline configuration of the formation process of the mask layer of the semiconductor 
device in other operation gestalten of this invention. 

[Drawing 4] It is drawing of longitudinal section of each process at the time of forming a components separation object using the conventional 
LOCOS method. 
[Description of Notations] 

20 Semi-conductor Substrate 

21 Oxide Film 

22 Silicon Nitride 

23 Opening 

24 Oxygen Ion-Implantation Field 

25 Field Oxide 

26 Polish Recon Film 
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DRAWINGS 



[Drawing 3] 
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' [Drawin g 4] 
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tiiP<D-^*fc<t:oTO-5„ c<Dcfcp*iii^«<b«<jtt; 

ScfcliT^fco. c©ftfB»i-fl8(c«^»Saw (Oe 
vice Isolation Technology) t"¥tftlTfcy, $fc?*v 



[0 0 0 3] ¥**X?®4MBttt6£ UTSIRK 

<bi* (lUTlCLOCOS;i<tOp) «<l£<ttJil3ftTlt 
•5. COLOCOS&ICctoTJSO&'fblg 

T. 04 (A) fc e fcc7:04 (B) 0>IBBHBH«flKiTL 

0 C O S&lcJ:«-ttn&¥9lttX?0>4)1l?a-t:>ie 
JUT»ci¥«Blc:Stwr-5. 

[0 0 0 4] 5fe?\ m(Sv'Ja>2x-/\/«t<!£tf>¥& 
<*g*6l 0±(C. ^**/l<i:UT5SO&<bKl 1 fc5/U 
3>Bfl«1 2£|IK(Cff$fi£f5. HOT. 0 4 (A) IC 

Tcnsoiftn i<t->U3>Bftii 2 ic^agp i 

3£ff5firr-5c£T. ->Ua>B4UM 2 <t-3?OK<bR 

1 i o)/x?-->tti, % jR?4HB1ft«flgj£L&ii¥*ft 

[0 0 0 5] iOT, 0 4 (B) IC5?f J:9CIIMMbrt 

fi&ssjs-rs. en* #04 (a) icss-r^?^** 

€ (->Ua>S<bKl 2+»bMi 1) *<»$fiESn/bS 

«*«*BajiPrticAnT-i-ortaKBK*8 o o°c~i 

SWCtCfcoT, HIP8&1 3 LTBSii L-/t-> U 3 

ftii 4 7 4-)\,vmtm-\ 4*«j*ufc 

©7-r-;uK»bBli 4©jbi«k*ic. ->'J3>SftH 

. 2li. -t©K<bjSefl*¥S(*S« 1 0©->'JH>£x- 

/\<t y a*»ic/jx £ i to v * ©s9) ^^/t b xfc y . 
zL<Dtztt>-> y □VsVbffii" 2 rHDnxi^o*i#a 

151 0©g?«- (gSPg|51 3«r^UT25asUfe¥«(*StS 
1 0©g|5») !C7'T-;UKH4bll1 4MJj«5n«c:i: 
IC^S. mmiz % ->U3>Bftlli 2<!:iSt^^^bM1 1 
<fciJ)S:*77*i*lSSLT. 7-f-;UK^bKl 4 (c 

cfcy^^si^T-rs. 

[0 0 0 6] 

[0007] ua»u #®(*sg^©ss$i{bA<a*.-y-75 

S£3ft© LOG O SjiTli#'< <D*jHtfi±&&, 
[0 0 0 8] St*. Sl©^.iOT. ±ie©«fcp^:7 

^»^bSJEEA<$g#SS5Hd<g§PgB1 3*>bi4 (B) 
©<t5ic55«l^iSjica:*r-5. Z\0>fiitb. 

<bKi 4i*->y □>g-(bKi 2 tsii^be i i©^gp 
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(Bird's beak) £\.\o. 
[0 0 0 9] m2(DX&£LT. COA-Xtf- 

A//t*fi£^/>^ "f <*T<D3il^»*bflg1 1 <t¥&ttfitSl 0 
<D -> U =l > -5 x - /\ t ©S®±T? 1 5S y ^® < gfl# (C 
*Tffit*u vU3><fc<2ftffl£&T->'Ja>g<bS3li 
5£JgfiJcL>TL>£?. Ctlli^lZ. ^ttiH^ CD-y- h 

<s^Ti$5. c©->'ja>^tKi si*, yt^mwi 

BO?»M*£mL>TO-S/S:i£>. *9>f h 'J **> (White ri 
bbon) <fcn?tfnTO-5. CO*?^ h U /K>Sft^li^® 

[0 0 10J $e>lC, g! 3 LT. 
<bM 1 4 ©ffJ/dcEJlc. •> U □ >^K<b$nT-^fbv U 
a>K:&3&{tW;Qfftt2. 2 fglcii*. 
KMflJil 4 1 0<Z)->'Jzi>£x-/\©gt 20 

HffliJ^e>^aiUT^RaA^S (non-recessed surface) 
«. cms, JpfiffcOftftlcK*-*. 

[0 0 1 1] S4©^tLT, ^-f-JUKK 

itm 1 4 jWBj*snsi»ic-> 'j =i ><of*ax><m^isjict) 

[0 0 1 2] £e>(c, S5 0^il/T. tMMb£fi% 
iCfcUT. MmZ'£A,fii1i*<Di' l J P >'5x-/\'N0D;Kl 30 
AjSgtelSPSn 30** £lc<fcoTg£i5;ti«K .JMI — 
{bfiES;ilcJ:*4!iS«-lll^F^|ISSb/tli^ !3Pgpi 3 

o&m&mvm. Jf$fiE$n-5 7^-;uK^bflii 4© 
fc. ^^Sfjaimici?s*fc<fci^^cDi 0T&.5. 

[0 0 1 3] fCT> 351 ~m 5 tc*£(;f£:<fc 
LOCOS ;t©J:^*Sft5 S MT^Sft^T d?«-g| 

16 4, 2 1 1, 5 8 2^|Cli. H o r i n g e>|Ccfc-5. 
«8#:©^:*^«fcl5£#ijffl Lt 2 fS^CD&<b*&H£fcC: 40 

i«S4. 8 6 8, 1 3 6^IC(i, Ravagl i a t>(C 
<fc-5. LOCOSat^ffitj^i^jfl^^-a-^^ 

[0 0 14] *3£f«(*. ±ieSt3|5<DF [ gS*»;*-r-5 1 t>dD 

t. *mtommztsvzm : ?-#mzfaiixiz&&zi}Bx. 

•SCilCfcoT. &3fc<&LOCOS;£©*.«gT&.5A- 50 



%&ti*mm&ft<D&8iz*<mizwm?zz.£tf-cg 

[0 0 1 5] 

ji7J;S(2. *^«=^O^S3IICffiffl$n-5LOCOS^ 

&m^rz*m#mw<D$imyji£iz&i\T. *m&mvx<D 
m&±izvxt7m£mi£?z>3:m£, -?m?m&MiRtn 

gB£*r LTsab b^^«;steic7 -r -;u K^bM*jf$ 

[0 0 16] C«tftfi£tCj:y. ^'f^><7);±AXIilC 
fct\-C ¥®{*g*SICl!jil>f*>£S&i&lCtt££A/T, 
Sii^ * ^BsggptDT^lc bftltiTZ <fc e> ic u 

TO-5. JitNT. LOCOS&tZjz^TMm-IJ-XDii. 
AffimzftUV!i&Bf$.tZ. Z\<Dt£. mifSPgTJT-feji 

U. a£3R©<fcp?S:/<-Xt-^(Dff5fi£^l5fi±$n-5. c 
0/\*-Xb*-^<DJF$fi)cKihlc<fcoT. /\*— Xtf— ^>ff*s£ 

M*nr, ¥^<*Stsa®^»g*«j:yiai6-5c<h 
*<Pltgi:/«t«. /pi6K^'f^->;±A^$nTl\-5d3 
T. ^K<bfi1tS;i$:IISSt-^^<0^bjlg$:iit-Ci:/>t 
!30gP2 3<D^P<7)^^$CD^'>(D^<b-C7-c 

mvkiz>b&tiftM<®<Dm$tj<mmizt3.z><, cro«fcpicL 

T, ee3R©LOCOS;£<D^<<^^,tS^aj t g$n^-5. 
[0 0 17] *%l«CD¥«#^<7)Kil^;S»Cfc 

itz^xpmi*. 'jrtzKtb mitm t •> y □ >^<bM * 

a>^<b^<D2B^jg*K *fcliOH.^<b^. 7t?'J->'j 
->'J3>S<bM©3®tgigTfe-5ct^»*U 
t>. C<D<fcr>lcLT. 5SOi8<bfili->'J 3>MbliO 
■ ICjKU ->U 3>M€rlftltT3e^jli:-rtltf. ^gi^l 

iz®< fE73dtcfc y ^wic^fo $ tuna, 
[ooi 8] *»^(D¥as<*^swigji^;iic 

*50T\ ^^ll^K<bSi<Dli[^(^ 5 0 A~2 0 0 AT. > >J 
3 >m.i£m<D&2 its 0 0 A~2 0 0 0 at. #y->y 
3>^(DJf:$li2 0 0 A~1 OOOAT^Ci^ffS 



( 4 ) 
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[0019] *6c. *&M<D¥m&%i&<Dmi£xmiz 

4 ; -*<5 0~1 50KeVT, -£-<Z);±A«a< 1 X 1 0 '5 
~1 X 1 0" a t oms/cm2|Ci5S^n'5Cli^W 

T, »^bfi£^>i<DHS6iggli 8 o o~ i i oo^Clclft 

[0 0 2 0] 

[0 0 2 1 ] 01 (A) , il (B) . 0 2 (A) *5<fc 
1/0 2 (B) (±*f6W(D-HSg}BgilC*3lt^^SI(*SB 
<DS-HiitXSro«B&«fi£*^LTfctj % 01 (A) (J-7 

X>>Jl©JBfi£lSlCfclt-5«t®r®0. 01 (B) ttttJR 
-f*>aAXSlca3(*-5iaiSiS0. 02 (A) l±7-f- 

ji^mimom^xmiziiif^tstmmm. 02 (b> i* 

T^^®O5^*XSIC*5lt-5tSt»r®0Tfe-5. 
[0 0 2 2] 01 (A) lC^-r<fce»(C. ¥&<*g®2 0 20 
±IC. mi^itm (pad oxide layer) 2 1 t->U3> 
g^2 2(0 2S^ii©TX^S«:}f$fig-r*. HUT, 

3. 

[0 0 2 3] Mil C<0¥»(*S«2 O0D->'J 

i-/\©a[S±ic. <bgtftfl& (CVDiS) s^li^K 
^bfiJt^;£^f'JfflUTH$^5 0-2 0 0 A<E>-;S^gHtal 
2 1 £JKfi£U $e>lC *<0»l^bK2 1 ©SI±i: 
C V D;££?lJfflUTJ?;*;&<5 00-2 0 0 0 Atf)->'J □ 30 

V^fts•&^6•rci:lc<tt>Tcne.o»l^K^bM2 i <t-> 

•j3>S<kK2 2|CggPg|J2 3eJBj£UT. y'Ja>g 

<bflSI2 2<hjiiiN^bK2 1 */t^->fl:-r*. c 

Ki£<bffit2 5£ff$j£UfcOgp#<D¥i9{*g«2 0£. H 
□ SP2 3£fl-L,T&aS£t!:-5. 

[0 0 2 4] ;xiz. 01 (B) ic^-rJ:?lc. mm^x 

> (O*) £¥g<*8«2 OW§gpg»2 3^LT^» 
ICtt5i&A/TKtsSI-r*>&A«82 4*Jf$fi£-T-5o Ctf) 40 

tf^HSSffSSgTI*. &Sg-f*>cD&Ax;M^-ia5 0 
~ 1 5 0 K e VT> -?-(E>;iAS(i 1 X 1 0'5~ 1 

X 1 0" a t om/cmZ|clftS$nTtX'S. C 

<7>i#. K^-f^-xi^toicaA^nf)^. -to^ff 

KHIiBaPS»2 3*^UT->'J aV^x-zN^SaJUfe 
Bltttt>&. Mlfll (B) (Cfc(t*P«^(S)lC^TJ2; 
* U T V * t> S^glKDT^tttS ICS U T I x -5 . 
[0 0 2 5]ll»T. 02 (A) lC;F-f«fc5IC. &&{b 50 



tf. 01 (b) \z^.?&oumk4*y : ,s.KiM&t&x. 

/tSte^B^SS^ICAtlTigg* 8 0 0*C~ 1 1 0 0 

x.\zwcs.tz>£.mz. z\<r>w&&r\\zm.mz<kh,tiii*. 

ZyfiL? CtlCfcoT. P3PSP2 3£fl-L-T2Itt!bfc->'J 
n>C7x-/ME>&<b5j££tSl,T. ^©aSJfcUfcglWtf) 
¥S<*g«2 0IClIl\7.f-;UKgHbB§2 5£ff*/£U 

<h#. 7-f-;UKK4bffi2 5<o^fi5cic*5ixT, ffii*lc<fc 
^T;7SAT^^*#^^^<DI5X>\ g8Pg|52 3£*r 
LT¥««=S«2 OICiT^iiStl/t^^^^fe^bS 

fc\z®m-?zniit>s ±i*<Dmt&&z®Tz\£tf-cz 

■5. C3 1/T. Jf$fi£S?nS7-f-^K^b^2 5<DM2 
li^j»{*Stfi2 0W¥®7^|n)IC^I|IC/«E«. cfcoT. ^ 

BT^(D4ggPICff5fi£3n-5> 7 -jl/ KK<bM 2. 5 
MA,*>(D%ttit±£"tmCm2lZts:ZtZlt). S£3fc<D0 4 
(B) ©<fc?£A-Xe-^li^<**UtU= 
[0 0 2 6] "T^Jf-CftS 2JimjlCD->U a 

>m<tm2 2tm^mtm2 1 *«[ici**ut\ s&^ii 

<b*n^:7-f-^r : ^bK2 5fc'lt$«tC<!:*«-p^ 
■5. ^b^«K^T$tr->'J3>^b^2 2 

fll 2 1 £8&3rrni;f. 02 (B) IC^n-Scfcpfc:?^ 

-)i pmtm 2 5 -ctSfiEsn^^^^^FBio^gi^ 

[0 0 2 7] Ufc^^T, ft3fc<D&»j<fc]:t&-f-5<!:. * 

5Ht**»J*Ufcl*»# (ggpg)52 3 €r^bTSSajU/t 
>V 3>£x -/>«>*#.) tf>¥ii<*g<5 2 0 Ic&sft-f* 
>^;iAUT8H't>aA^2 4 £Jf$fiJcL-TO£>c 
*K f»K{bfiKS;£«:IISfit-^^©K<b)iJg^lirc<!:^ 

t^-s. u^t>. &m4*>zmtt)iziit>&Aj-c^z>fc 

^-T^->;±A^2 4 0«g|5li-7^^B<DT^(jl 
<Ct^T#-5. Z\<D/1-X¥-?<DWif$.m±fZ£-D 

/*-xe-*mi$.miz¥£±-fzfoti j s>mmtii'ft<Diiz 

[0 0 2 8] &fz. *%W©S2<Ogm<tUT, 
StR2 0<DPgPg|52 3 «:^U/i3Saig|5^IC(i^««)K^-< 

^>^iA$nru-5/5:a«>. ^bS^ro^lSrSIST 

^O. ¥&<*®*6 2 0O<fc»J«a?< IC7^-;UH6g 
^ba!1 S^JfJfiJct-SCt^T^-S. cfcoT. ¥^<*Stfi 
2 0^®(0¥*ig«:<fcyS»'5C<t^T^. ^@<bXS 

[0 0 2 9] 3e>IC. *§?WOm3(DSBfr<i:UTs 
^-<^->;±A«Sa2 4£Jgfi£L-TO££:«>. f^ig<bfi£ 



( 5 ) 
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[0 0 3 0] 3 6>IC. $iTOB4©fifiSiUT, 
M ic fc It 5 tt&Si^ 5*&;£liSma>JSi^tt&;£ <t 

m-e>-5jmv&v. mm* ^>^mioiznt>&tii.m^m 
£g$*imic§?g£<. taigas ho3^4ai§iDfeS(te>n io 

•5. 

[0 0 3 1 ] fcfc, «±(;m*UO|ISSJB®<fc©ISjl© 
ST*38W<OtKI«£ fro ^USSJfj^rortSli*:^ 
WCOIEH* -en ICRRS-r -5@ WTIi<£ t \„ 

[0 0 3 2] ^JgJB^-Cli, 0 1 (A) ic^f 20 

«fc?lcv*>>Jf£. ifio&{b®l2 i £ -> y a >gfbM 2 

2<D2mmmtistt&. 0 3ic^-r t fc?icvx:>ji£. 

»OBHblSt 2 K * 'J -> 'J 3 >St 2 6 *5<fctf-> "J n >g 
Yt^2 2©3g«ig < t-r*Cit)-C I ^-5. CO^PlC. 
V^.^®(D->Ull>^kK2 2 t51l\K<bK2 1 (DffllZ 
H;*#> 2 0 0 ~ 1 000 AcDtf 'J -> U 3 >Bf| 2 6 £Jfcf£ 

MM lc«< jfc* $ j; y to&ft lc|gffl-r -5 c <t « . 
[0 0 3 3] 30 

>.©aAiaiC*5lvx..-*3W*:WR(c«Hll-f3*->t*H6 — 
iCfr^i&A/Zt'&IC. LOCO SJSlcfcoTKiR-fJt-XO 



T£5. 

[0 0 3 4] C(OA-Xt*-*<Dfl5fi£Rfiitl;:<fct> 
T. fi£3R. /'C-Xhf-i'JBfifiKSlc^-r-SfE^-^g^fiK 

[0 0 3 5] $6IC, C©«fc3lC, ^ftMJR-f^VAta 

<*S*6«H(D¥ilg£J;yil5»3c<*:>!><T#-S. Sfc, 
^»KJR-f:*>;&*&A;SttTl f»&<bfi)c:K;££ 

□ £>*££tf)£;i><D&<bT:7 -f KK^bffiOBIS**^ 

^nic-rsci^-c^-5. 

[0i ] *Rw<D-mmBm\ztsvz>*mi*&m<D&m 

itXgO«BS«fig*^UTfcy. (A) f;f7**Jl©JB 
iftX8lc&l*6l8WinH. (B) liKSS-f=J->i±AXS 
tC&tt-«fRBNBHT&<&. 

[0 2] *3iWro-HSSff$Slcfc(t-5¥*ttilSOS-K 
jfiXa©«l»*fig*^L/Tfey, (A) 
<bJR<0^fiKxeic£(t«tKKSH. (B) 1*7* ^ji® 
«*XSlcfclt«tEtBr®0-c»-5. 

[0 3] *5EWOffeOHa5JBfillcfc(t*¥SS*^g©-7 
X^S©raj$xe©«lft*j£**r«»r00T&a. 

[0 4] %Jfc®LOCOSa&|qfflUTX?m4MB4ft« 
ff5fiE-r^^ro&XfI<73«tKr®0Tfe-5„ 

2 0 #jg#SS 

2 1 gtfbBi 

2 2 ->U3>Htl 
2 3 

2 4 M*-f *>aA*« 

2 5 7-f-*KWt« 

2 6 ?H u -> u 3 >m 



[0 3] 



20 
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[01 1 



[0 2] 



,23 /23 



25^ 



(A) 



25 22 21 23 
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,-—20 



3-—25 



0* 0* 
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till x ••ill 
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[0 4] 
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